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ABSTRACT 


Round trip interplanetary trajectories are studied that stop 
over at both Mars and Venus before returning to Earth. Such trips 
fall roughly midway between conventional opposition - and conjunc- 
tion - class Mars missions, in terms of propulsive effort, trip 
time and staytime. 
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SUMMARY 


This report considers a class of efficient interplanetary 
round trip trajectories that involve entering parking orbits at 
both Mars and Venus before returning to Earth. Using the con- 
ventional two-body, impulsive trajectory model, it is found that: 

(a) Propulsive effort requirements and trip times for these 
combined Mars- Venus stopover trajectories need not be greatly higher 
than for a mission to Mars or Venus alone; in any case these quan- 
tities are less than the totals for separate trips to Mars and 
Venus . 


(b) Trajectories recur on a 6.4 year major cycle, and there 
are seven low-energy launch opportunities within that period. 

(c) Three of these opportunities are particularly desirable, 
in that they involve optimum trip times of only around 700 days; 
this may be reduced to 600 days without a major penalty in propul- 
sive effort AV. Two others require optimum trip times of 840-890 
days, but these may be reduced to about 750 days before a large 
penalty is incurred. The remaining two cannot be reduced much 
below 1000 days trip time. 

(d) Optimum stay times at Mars tend to be short (e.g., 10 
days) for short trip times, but can be increased to 50 days for 

a very minor AV increase. Optimum Venus stay times are generally 
in the 25 - 75 day range. 


INTRODUCTION 


Manned missions to Mars and Venus may eventually become the 
prime focus of the national manned spaceflight program. Such 
missions clearly involve a new order of difficulty when compared 
to present orbital and lunar operations, and will depend upon the 



proper functioning of systems which have yet to be developed. In 
order to define the requirements for these systems, it is now 
appropriate to evaluate preferred mission modes and trajectories. 

Numerous studies have been made of manned missions to Mars 
or to Venus that involve entering a capture orbit at the destina- 
tion planet. (See for instance, refs. 1-10.) Several of these 
single-planet stopover trajectories .seem attractive on their own 
merits; nevertheless, it is not clear that two of them taken 
together comprise an optimum program for investigating both Mars 
and Venus. Therefore, the present report presents and analyzes 
a novel alternative class of trajectories, illustrated in figure 
1, in which the space vehicle stops over at both Venus and Mars 
before returning to Earth. 

In brief, the trajectory begins in a low Earth parking orbit, 
proceeds to elliptic parking orbits St Mars and then Venus (or 
vice versa), and finally terminates with atmospheric braking at 
Earth return. The computational methods and basic assumptions 
of reference 6 were used together with planetary data from refer- 
ence 10. Numerical results (based on minimum AV) are presented 
for launch opportunities from 1980 to 1996, trip times from 550 
to 1100 days, and stay times at each planet ranging from 10 to 
several hundred days. These are compared with the Venus- swingby, 
Mars stopover mission in four typical launch years. 


RESULTS AND DISCUSSION 


Trajectory Characteristics 

Minimum- energy trajectories . - Table I presents seven typical 
minimum- energy trajectories . These consist of Hohmann-type (opti- 
mum travel time and travel angle) interplanetary transfers, with 
optimum stay time at each planet. 


TABLE I. - MINIMUM ENERGY TRAJECTORIES 
(a) Earth- Mars- Venus- Earth 


Opposition Year 

eav 

(km/sec) 

Total 
Trip Time 
(days) 

Stay Time 
© Mars 
(days) 

Stay Time 
© Venus 
(days) 

1980 

9.382 

893.7 

78.2 

177.3 

1982 

9.252 

1294.2 

273.5 

340.0 

1984 

9.339 

1088.8 

200.1 

250.2 
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(b) Ear th- Venus'- Mars- Earth 


Opposition Year 

EAV 

(km/sec) 

Total 
Trip Time 
(days) 

' ' 

Stay Time 
(a> Mars 
(days) 

Stay Time 
@ Venus 
(days) 

1980 

8.738 

859 ;3 

10.02 

179.6 

1982 

8.700 

1027.0 

133.2 

264.9 

1984 

8.896 

1229. 7 

600.5 

10 

1986 

9.321 

1443 . 5 

78 . 1 

767.8 


It is often possible to reduce the long trip times shown by 
deducting an appropriate synodic period from one of the stay times. 

A second local minimum was found in this manner, at a lower trip 
time and for little eAV penalty, for three out of the seven typical 
opportunities shown in the table. The results are presented in 
figure 2 where trip time is plotted in part (a) and eAV in part (b) , 
as functions of launch year from 1980 to 1996 A.D. Note that 
results are periodic with a major cycle or repeating period of 
about 6.4 years. This contains almost exactly three Earth-Mars 
synodic periods and four Earth-Venus synodic periods and hence, 
seven typical launch opportunities. 

It is evidently possible to obtain low energy trips with trip 
times of 650 to 700 days in 1982, 1984, 1986, and the 6.4 year 
repeats of these trips. In 1980 (and its repeats) both profiles 
require about 850 days, and it appears to be more difficult to 
obtain short trip times in that period; however, the AV is still 
quite low. The remaining two trips in one repeating period do not 
seem capable of being reduced below about 1000 days trip time for 
a reasonable EAV. 

The stay times associated with the preceding trajectories are 
quite variable. The short- trip-time trajectories, however, tend 
to have short stay times at Mars, and this (depending upon mission 
objectives) could be an undesirable feature. 

Effect of trip time . - The effects of trip time T-t on EAV in 
the difficult 1980 period are considered in figure 3(a). The 
heavy solid ci^irve represents the present two-planet stopover tra- 
jectories; the other curve should be neglected for the time being. 

Note there is a mild "knee” at about 720 days; eAV increases 
quickly for shorter times. Stay times (not illustrated) only 




varied slowly at long trip times, but began to decrease abruptly 
(to the assumed minimum of 10 days) at this same trip time. It 
was found also that stay times could be constrained to be at 
least 50 days without major ZAV penalty. 

The solid curves in figures 3 (b) - (d) show the effect of Tt 
on zAV for the three most attractive launch years. (The dash dot 
curves will be discussed later) . Clearly, the trip times may be 
reduced to 600 days or perhaps a bit less in these three periods, 
without incurring major ZAV penalties. 


Comparison of Trajectory Modes 

In this section, the previously- discussed characteristics of 
Mars-Venus stopover trajectories are compared with the reference 
10 results for Venus- swingby trajectories^ to Mars. 

Propulsive effort and trip times . - Figure 3(a) portrays the 
ZAV-T-)- behavior of the two trajectory modes, again for the 1980 
opportunity. The present results are indicated by the heavy solid 
curve and were previously described. Note that zAV’s comparable 
to those of conventional opposition- class mission around 15 km/sec 
can be obtained for trip times of 600 days or more. For Venus 
swingby trajectories (the dash, dot curve), the minimum ZAV occurs 
at 700 days trip time, and at this value of T-j- the two-planet 
mode involves about a 4 km/sec AV penalty. If, however, the trip 
time is extended to 770 days, the penalty is under 1 km/sec. At 
trip times greater than about 850 days, the conjunction class 
trips (not illustrated) yield the lowest ZAV. 

Thus, in 1980, the present trajectory does not require a 
greatly increased zAV (compared to the swingby mode) but it does 
require a rather long trip time. The more attractive opportunities 
of 1982-6 are illustrated in figures 3(b) - (d) . As before, the 
Mars-Venus stopovers are shown by the heavy solid curves, while 
Venus- swingbys are indicated by the dash dot curve. In 1982 - 1986, 
the two profiles are more competitive in the minimum-AV neighbor- 
hoods around 600 days, with the swingby being progressively better 
at shorter trip times and the Mars-Venus stopover being highly 
competitive or somewhat superior at longer times. As in 1980, the 
conjunction trip (not illustrated) would yield the lowest zAV for 
trip times greater than 850 or 900 days. Thus, in 1982-1986 the 
present trajectory mode is competitive for trip times ranging from 
about 600 to 875 days. 


All trajectories discussed herein use elliptic parking orbits 
at Venus and Mars (e = 0,9) and atmospheric braking at Earth return 
with reentry speed < 52 000 fps. 
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Mission objectives capability . ~ If zAV and trip time were 
the only considerations, there would be little need for the present 
class of trajectories; i.e., existing Mars or Venus trajectory 
modes generally yield shorter trip times for comparable zAV T s or 
lower total zAV T s at comparable trip times. 

On the other hand, Venus is also a legitimate object for 
scientific and technical curiosity, and there are several major 
objectives that would either require or benefit significantly from 
the presence of a properly trained crew in orbit. Thus, the 
present trajectories could appropriately be compared with the sum 
of individual Mars and Venus round trips. The total combined zAV T s 
and T-j. ’s exceed 17 km/sec and 1000 days, respectively. On this 
basis the Mars-Venus stopover is clearly superior to any combina- 
tion of Mars-only and Venus-only round trips. 


CONCLUDING REMARKS 

In this report, a class of round trip trajectories with stop 
overs at both Mars and Venus has been studied. The results lead 
to the following conclusion; 

(a) ZAV requirements are not greatly higher than those of the 
best existing trajectory modes which go to Mars or Venus only, and 
are distinctly lower than the sum of these two. 

(b) There are seven low-energy launch opportunities within each 
6.4 year repeating period. Of these, three involve only moderate 
(under two years) trip times, two require very long (over three 
years) times, and two require an intermediate value of about two 
and a half years. Four of the seven visit Venus first and Mars 
second, while the order is reversed for the remaining three. 

(c) By selecting the best double stopover profile (e.g., Mars- 
first) in each period, a minimum energy family can be constructed 
which requires trip times of only 650-700 days in three out of the 
seven opportunities and about 850 in the fourth. These values can 
be decreased to about 600 days and 720 days, respectively, without 
major ZAV penalty. 

(d) Stay times tend to be short (e.g., 10 days) especially at 
Mars, but can be lengthened to about 50 days without major zAV 
penalty. 

From the foregoing, it may be inferred that, if Venus as well 
as Mars is a major manned spaceflight goal, then the present 
class of trajectories is of legitimate interest and should be taken 
into account in future mission studies. In particular, vehicle 
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weight studies for the two-planet trajectories should be performed; 
results would then be optimized on a weight basis rather than £AV; 
and a rationale must be established for comparing the present tra- 
jectories with those which stopover at only one planet. 


Lewis Research Center 

National Aeronautics and Space Administration 
Cleveland, Ohio, September 4, 1969 
126-15- 13 
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